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(54) HIGH-FREQUENCY COMPOSITE SWITCH COMPONENT 



(57) The present invention relates to a hybrid radio 
frequency (RF) switching device. It is an object of the 
invention to provide a hybrid RF switching device includ- 
ing fewer diodes and having a smaller size and high per- 
formance. To achieve the object according to the inven- 
tion, the device includes first to fourth ports, a diode cou- 
pled between the first port and second port, a first trans- 
mission line having an electrical iength of X.g/4 (where 
Kg is a wavelength of a frequency in a first frequency 
band), and a first element coupled in series with the first 
transmission line having an almost simple reactance 
component and nearly opening in a second frequency 
band. The first transmission line and first element are 
coupled in series between the second port and third 
port. The device further includes a second transmission 
line having an electrical length of Xd/4 (where Xd is a 
wavelength of a frequency in the second frequency 
band), and a second element having an almost simple 
reactance component and nearly opening in the first fre- 
quency band. The second transmission line and second 
element are coupled in series between the second port 
and fourth port. 



Fig. 1 
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Description 

FIELD OF THE INVENTION 

[0001] The present invention relates to a radio fre- 
quency (RF) switching device, which is provided mainly 
in a mobile communication apparatus such as mobile 
phone, in which a switching circuit for switching between 
a transmitting and a receiving and a multiplexing circuit 
for dividing different transmitting/receiving bands, a low- 
pass filter at the transmitting side, and a band pass filter 
at the receiving side are hybridized. 

BACKGROUND OF THE INVENTION 

[0002] Recently, a switch dup lexer having a small size 
and high performance is demanded increasingly for use 
in mobile phone. A conventional circuit configuration of 
an conventional switch duplexer for dual bands is shown 
in Fig. 1 4. A circuit configuration of the switch duplexer 
in a composite terminal for mobile phone systems called 
GSM in a 900 MHz band and DCS in a 1 .8 GHz band, 
both of which are in service in Europe at present time. 
[0003] In the diagram, reference numerals 1001 to 

1005 denote input/output ports, reference numerals 

1006 and 1007 denote control terminals, reference nu- 
merals 1 008 to 1 011 denote diodes, reference numerals 
1012 and 1 013 denote transmission lines, reference nu- 
merals 1 014 and 1015 denote band-pass filters (BPFs), 
and reference numeral 1 01 6 denotes a diplexer. Diplex- 
er 1 01 6 is generally composed of circuits combined with 
low-pass filter (LPF) 1016a and high-pass filter (HPF) 
1016b. 

[0004] In this circuit configuration, an antenna (not 
shown) is connected to input/output port 1005, and the 
signal received by the antenna is first distributed into 
GSM signal and DCS signal by diplexer 1 01 6. The elec- 
trical length of transmission lines 101 2 and 1013 are set 
at one-quarter wavelength for the frequency bands of 
GSM and DCS, respectively. When a positive voltage is 
applied to the control terminal 1006 where a current 
flows accordingly, diodes 1008 and 1010 are turned on, 
and ports 1005 and 1001 are thus coupled each other. 
Similarly, when a positive voltage is applied to the con- 
trol terminal 1007 where a current flows accordingly, di- 
odes 1009 and 1011 are turned on, and ports 1005 and 
1 003 are thus coupled, if a voltage is not applied to con- 
trol terminals 1006 or 1007 ; diodes 1008 to 1011 are 
turned off, and ports 1005 and 1002 are thus coupled, 
and ports 1005 and 1004 are thus coupled. 
[0005] Ports 1001 and 1 003 operate as transmission 
ports (Tx). BPFs 1014 and 1015 operates as filters for 
limiting a receiving bandwidth. Ports 1 002 and 1 004 op- 
erates as reception ports (Rx). 
[0006] in such conventional configuration, four diodes 
are required. Since having larger sizes than other circuit 
components such as L and C, the diodes have not been 
integrated into a laminated body, and thus the device is 



hardly reduced in size. The diodes are more expensive 
than the other circuit components and thus increases 
the cost of the device. Besides, the switch duplexer for 
both GSM and DCS requires a couple of transmission 
* lines 1 01 2 and 1 013, which also have the duplexer hard- 
ly reduced in size. 

SUMMARY OF THE INVENTION 

10 [0007] The invention is intended to solve the problem, 
and it is hence an object thereof to provide a hybrid radio 
frequency (RF) switching device with a small size and 
high performance which including fewer diodes. 
[0008] To achieve the object, the device of the inven- 

15 tion includes: 

first to fourth ports; 

a diode coupled between the first and second ports, 
a first transmission line having an electrical line 
20 length of Xg/4xn, Kg being a wavelength of a fre- 
quency in the first frequency band, n being an odd 
number of 1 or larger; 

a first element coupled between the second and 
third ports in series with the first element, the first 
2s element having an impedance containing a nearly 
simple reactance component at the second fre- 
quency band; 

a second element coupled at a coupling position 
where the first element having a nearly open imped- 

30 ance at the second frequency band, the second el- 
ement having an impedance containing a nearly 
simple reactance component; and 
a reactance circuit or a second transmission line, 
the reactance circuit being coupled in parallel with 

35 the second element, the second transmission line 
being coupled in series with the second element, 
the second element having an open impedance as 
seen from the coupling position at the first frequen- 
cy band. 

40 

That provides a small-sized hybrid RF switching device 
having a simple structure and exhibiting a high perform- 
ance 

45 BRIEF DESCRIPTION OF THE DRAWINGS 

[0009] Fig. 1 is a circuit diagram of a hybrid radio fre- 
quency (RF) switching device according to embodiment 
1 of the present invention. 
so [0010] Fig. 2 is a circuit diagram of a surface acoustic 
wave (SAW) filter according to the embodiment. 
[0011] Fig. 3 is a characteristic diagram of an isolation 
between input and output ports according to the embod- 
iment. 

55 [0012] Fig. 4 is a circuit block diagram showing a 
schematic configuration of a hybrid RF switching device 
according to embodiment 2 of the present invention. 
[0013] Fig. 5 is a specific circuit configuration of the 
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block diagram shown in Fig. 4. 
[0014] Fig. 6 is another specific circuit configuration 
of the block diagram shown in Fig. 4 according to em- 
bodiment 3 of the present invention. 
[001 5] Fig. 7 is further specific circuit configuration of 
the block diagram shown in Fig. 4 according to embod- 
iment 4 of the present invention. 
[0016] Fig. 8 is a circuit block diagram showing a 
schematic configuration of a hybrid RF switching device 
according to embodiment 5 of the present invention. 
[0017] Fig. 9 is a specific circuit configuration of the 
block diagram shown in Fig. 8 according to embodiment 
5 of the present invention. 

[0018] Fig. 10 is a circuit block diagram showing a 
schematic configuration of a hybrid RF switching device 
according to embodiment 6 of the present invention. 
[001 9] Fig. 11 is a specific circuit configuration of the 
block diagram shown in Fig, 10. 
[0020] Fig. 12 is a perspective view showing a sche- 
matic configuration of a hybrid RF switching device ac- 
cording to embodiment 7 of the present invention. 
[0021] Fig. 13 is a perspective exploded view of the 
device according to the embodiment. 
[0022] Fig. 14 is a circuit block diagram showing a 
schematic configuration of a conventional switch du- 
plexes 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

. .. . i 

(Embodiment 1 ) 

[0023] Embodiment 1 of the present invention will be 
explained below while referring to accompanying draw- 
ings. 

[0024] Fig. 1 is a circuit diagram of a hybrid radio fre- 
quency (RF) switching device according to embodiment 
1 of the invention. Reference numerals^ 01, 102, 103, 
and 1 04 denote input/output ports. Reference numeral 

105 denotes a control terminal. Reference numerals 

106 denotes a diode. Reference numerals 107, 108, and 
113 denote transmission lines. Reference numerals 1 09 
and 110 denote surface acoustic wave (SAW) filters. 
Reference numerals 111, 115, and 116 denote induc- 
tors. Reference numerals 112, 114, and 117denote ca- 
pacitors, and reference numeral 118 denotes a multi- 
plexing circuit. 

[0025] In this embodiment, for an easily-understand- 
able explanation, frequencies are defined as follows. 

A signal component from the port 101 to the port 
1 02: 880-91 5 MHz and 1 71 0-1 785 MHz (hereinafter 
called transmission bands) 
A signal component from the port 102 to the port 
1 04: 925-960 MHz (hereinafter called a first recep- 
tion band) 

A signal component from the port 102 to the port 
103: 1805-1880 MHz (hereinafter called a second 



reception band) 

[0026] A frequency in the second reception band is 
about twice the pass-band frequency of the SAW filter 
5 1 1 o, and hence the magnitude of a reflection coefficient 
at the input terminal of the SAW filter 110 is close to 1 . 
Accordingly, in this embodiment, the transmission line 

1 08 is connected, and the impedance from a point A to- 
ward the left side in the diagram in the second band is 

10 set to a nearly open. 

[0027] A frequency in the first reception band is about 
a half of that of a pass band of the SAW filter 109, and 
hence the magnitude of a reflection coefficient at the in- 
put terminal of the SAW filter 1 09 is close to 1 . Accord- 
15 ingly, in this embodiment, transmission line 113, an in- 
ductor 111 and capacitor 112 are connected as shown 
in the diagram, the impedance from a point B toward the 
bottom side in the diagram in the first band is set to a 
nearly open. 

[0028] In other words, a composite impedance of the 
inductor 111 and capacitor 112 in the first band and an 
impedance from a point B l toward the bottom side in the 
diagram in the first band parallel-resonate. Further, as 
a technique for avoiding an adverse influence on the 
pass-band characteristic in the second band, herein, the 
inductor 1 1 1 and capacitor 1 1 2 parallel-resonating in the 
second band are employed, 

[0029] In such configuration, a circuit block 118 oper- 
ates as a multiplexing circuit. Further, the SAW filters 

109 and 110 present a steep attenuation characteristic. 
[0030] Fig. 2 is a circuit configuration diagram of the 
SAW filter in Fig. 1 . Reference numeral 121 denotes an 
input terminal. Reference numeral 122 denotes an out- 
put terminal. Reference numerals 123 to 126 denote 
resonance elements of the SAW filter. In the SAW filters 
1 09 and 1 1 0 in Fig.1 , the first resonance element is con- 
nected in shunt to a ground at the input terminal as 
shown in Fig. 2, and thus, an input impedance at input 
terminal 121 becomes a short-circuit in the transmission 
band. 

[0031] Referring to Fig. 1 , when transmitting by turn- 
ing on diode 1 06, it is preferable that an impedance from 
a point C toward the right side is set to an open-circuit 
in the transmission band. For this purpose, in this em- 
bodiment, a total electrical line length of transmission 
lines 1 07 and 1 08 is set to A.g/4 at af requency in 880-91 5 
MHz band, where kg is a wavelength corresponding to 
the frequency. On the other hand, as explained above, 
an impedance from a point B toward bottom side is set 
to a nearly open-circuit, and thus the circuit operates 
preferably in the 8B0-915 MHz band. 
[0032] An impedance from a point A toward the right 
side is set to a nearly open-circuit by the same reason. 
A total electrical line length of transmission lines 1 07 and 
113 of Xd/4 at a frequency in a 1710-1785 MHz band, 
where Xti is a wavelength corresponding to the frequen- 
cy, provides an impedance from a point C toward the 
right side in the diagram with a nearly open-circuit in a 
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1710-1785 MHz band. And ports 101 and 102 are ac- 
cordingly coupled. 

[0033] In the embodiment, transmission line 1 1 3 may 
be either a transmission line having a positive electrical 
length or a transmission line having a negative electrical 
length. The transmission line having the negative elec- 
trical length can be equivalently provided by a 7c-form or 
T-form circuit (a high pass filter) In which an inductor is 
connected in shunt, and acapacitor connected in series. 
[0034] The transmission lines 107, 108, and 113 may 
be converted into an equivalent lumped constant circuit, 
instead of distributed constant circuit such as transmis- 
sion lines, in such acase, the circuit including the induc- 
tor 111 and capacitor 112 can be combined and simpli- 
fied, and the dimension of the circuit can be reduced. 
[0035] Further, a circuit composed of the inductors 
115,116 and capacitor 1 1 4 can parallel-resonate togeth- 
er with a capacitance between the terminals of the diode 
1 06 where a current is turned off in the first and second 
reception band. Therefore, an isolation between the 
ports 1 01 and 1 02 is assured when the current is turned 
off and can reduce the adverse influence to other pass- 
band characteristics. 

[0036] Fig. 3 shows an isolation characteristic be- 
tween the ports 1 01 and 1 02 under a condition that the 
capacity between the terminals of the diode 106 is about 
0.27pF, and the values of the inductors 115, 116 and 
capacitors 114, 117 are 12nH t 39nH, 1.9pF, and 15pF, 
respectively. That provides a more favorable character- 
istic than the case of the diode 1 06 alone. 
[0037] The transmission line 1 07 consists of a micro- 
strip line, a strip line, or an equivalent circuit consisting 
of a capacitor connected in shunt and an inductor con- 
nected in series. And the inductor 111 connected as 
shown in the diagram guides the current flowing out from 
the control terminal 1 05 to the ground, and has any par- 
ticular choke inductor connected to the ground unnec- 
essary. 

[0038] The circuit shown in Fig. 1 can be formed into 
a laminated body having plural dielectric sheets. At the 
moment, the diode 1 06 and SAW filters 1 09 and 1 1 0 can 
be mounted on the laminated body, and the transmis- 
sion lines 107, 108, and 113, inductors 111, 115, and 
1 1 6, and capacitors 112,114, and 1 1 7 can be formed in 
the laminated body. Then, circuit dimensions can be 
substantially reduced as compared with a flat structure 
forming the same circuit on a substrate. 
[0039] Thus, according to the embodiment, the circuit 
includes only one diode. Contrary to a circuit having four 
large, expensive diodes required in the prior art, a small, 
inexpensive hybrid RF switching device can be provid- 
ed. A part of the circuit of this hybrid RF switching device 
can be used as a multiplexing circuit. Moreover, a circuit 
coupled to the port 101 for combining and dividing sig- 
nals in 900MHz band and 1 .8GHz band provides trans- 
mission ports for the respective bands. 



(Embodiment 2) 

" • • * • 

[0040] Embodiment 2 of the invention will be ex- 
plained below by referring to the drawings. 
5 [0041] Fig,. 4 is a block diagram showing a schematic 
configuration of a hybrid radio frequency (RF) switching 
device according to embodiment 2 of the present inven- 
tion. 

[0042] In this embodiment, an input/output port 1 is a 
10 common port for inputting and outputting an RF signal. 
A frequency is set as follows. 

A signal component delivered from an input/output 
port 2 to the port 1 : 880-91 5MHz (hereinafter called 
a first transmission band) 

A signal component delivered from an input/output 
port 3 to the port 1: 1710-1785MHz (hereinafter 
called a second transmission band) 

- A signal component delivered from the port 1 to an 
20 input/output port 4: 925-960MHz (hereinafter called 

a first reception band) 

- A signal component delivered from the port 1 to an 
input/output port 5: 1 805-1 880MH (hereinafter 
called a second reception band) 

25 

[0043] In Fig . 4, a switch 10 switches between a trans- 
mitting and receiving. A transmission signal from the 
ports 2 and 3 are combined and divided into the first and 
the Second transmission bands in a diplexer 9. Low- 
so pass filters (LPFs) 7 and 8 are provided in respective 
routes. At an receiving side, a signal is divided into the 
first and the second reception bands by a diplexer 11 
having a phase-shifting function. Surface acoustic wave 
(SAW) filters 13 and 12 are provided in respective 
35 routes. The switch 1 0 is controlled through a control ter- 
minal 6. 

[0044] Fig 5 shows a specific circuit configuration of 
the block diagram in Fig. 4. In Fig. 5, reference numerals 
14 to 29 denote capacitors, reference numerals 30 to 

40 41 denote inductors, reference numeral 42 denotes a 
current control resistor, and reference numeral 43 de- 
notes a diode for composing the switch 1 0 in Fig.4. The 
capacitors 14 to 1 6 and inductor 30 compose the LPF 
7, and the capacitors 21 and 22 and inductors 33 and 

45 34 compose the LPF 8. The capacitors 1 6 to 19 and in- 
ductors 31 and 32 compose the diplexer 9. The capac- 
itors 26 to 29 and inductors 38 to 41 compose the diplex- 
er 11 with a phase shifting function. 
[0045] Component values are determined so that a 

so parallel resonance circuit consisting of the capacitor 1 7 
and inductor 31 may resonate nearly in the second 
transmission band, and a series resonance circuit con- 
sisting of the inductor 32 and capacitor 20 may resonate 
nearly in the first transmission band. 

55 [0046] Component values are determined so that a 
parallel resonance circuit consisting of the capacitor 27 
and inductor 39, and a parallel resonance circuit con- 
sisting of the capacitor 28 and inductor 40 may resonate 
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nearly in the first and second reception bands, respec- 
tively. 

[0047] Each SAW filters 12 and 13 has an input im- 
pedance of a nearly short-circuit in each transmission 
band in a relation of frequencies mentioned above. A 
phase rotation of the input impedance of each SAW fil- 
ters 12 and 13 can compose the switch 10 having an 
impedance from the port 1 toward the left side local- 
maximum. 

[0048] That is, the capacitors 26 and 27 and inductors 
38 and 39 operate as a phase shifter functioning equiv- 
alently as a T-form high-pass filter in the second recep- 
tion band. Further, component values are determined 
so that the SAW filter 12 may have the input impedance 
rotate on a Smith chart to have the impedance almost 
maximum in the second transmission band. 
[0049] On the other hand, the capacitors 28 and 29 
and inductors 40 and 41 similarly operate as a phase 
shifter functioning equivalents as a T-foim 'high-pass fil- 
ter in the first reception band. Further, component val- 
ues are determined so that the SAW filter 13 may have 
the input impedance rotate on a Smith chart to have the 
input impedance almost maximum in the first transmis- 
sion band. 

[0050] In such configuration, in the first transmission 
band and second transmission band, since the imped- 
ance from the port 1 toward the receiving circuit side is 
almost maximum, the switch 10 for switching between 
a transmitting and receiving can be composed with the 
diode 43. 

[0051] A circuit consisting of the capacitors 24 and 25 
and inductors 36 and 37 cancels the capacitance of the 
diode 43 turned off in the first and second reception 
bands. The inductor 35 is a choke inductor, and the ca- 
pacitor 23 is a bypass capacitor. 
[0052] The SAW filters 12 and 13, each particularly 
consisting of a ladder-type filter as shown in Fig, 2, can 
steeply attenuate in a vicinity of the pass-band. And 
each filter, upon particularly having a shunt resonator at 
an input stage, has a reflection coefficient of which mag- 
nitude is close to 1 , so that it is more preferable. 
[0053] That is, a resonance element 123 at the first 
stage placed closely at the input terminal 121 is con- 
nected in shunt to the ground, and has the series reso- 
nance frequency set in the transmission band or the vi- 
cinity. Therefore, the input impedance at input terminal 
121 is set almost to a short-circuit in both the first and 
second transmission bands. 

[0054] Therefore, in Fig. 5, during a transmitting with 
the diode 43 turned on, an impedance from a point A 
toward the right side in each transmission band may be 
set at an open-circuit. Accordingly, in this embodiment, 
the T-form circuit consisting of the inductors 40 and 41 
and capacitors 28 and 29 has an equivalent electrical 
length of A.g/4 at a frequency in the first transmission 
band, where Xg is a wavelength corresponding to the 
frequency. According to this setting, the SAW filter 13 
has the input impedance set at a nearly short-circuit in 



the first transmission band. Therefore, an impedance 
from a point A toward the right side in the first transmis- 
sion band is set at an open-circuit by the reason ex- 
plained above, so that a desired operation is realized. 

s [0055] In the second transmission band, similarly, the 
SAW filter 12 has the input impedance set at an almost 
short-circuit. The T-form circuit consisting of the induc- 
tors 38 and 39 and capacitors 26 and 27, upon having 
the equivalent electrical length of Xri/4, makes an im- 

10 pedance from a point A toward the right side in the dia- 
gram become a nearly open-circuit, (where *,d is a 
wavelength corresponding to the frequency.) As a re- 
sult, in the first and second transmission bands, the di- 
ode 43, upon being turned on. couples the port 2 with 

15 the port 1 or couples the port 3 with the port 1 without a 
signal leakage to the ports 4 and 5 through the SAW 
filters 12 and 13. 

[0056] According to this embodiment, the SAW filters 
1 2 and 1 3 provide isteep attenuation characteristics, and 
20 can function sufficiently even in the present frequency 
relation. 

[0057] Further, according to the embodimen, a cur- 
rent for switching the diode 43 is supplied from the con- 
trol terminal 6 to the ground through the diode 43, in- 
25 ductors 39 and 38, that is, a current path is established, 
and therefore, a choke inductor or the like is not partic- 
ularly needed. 

[0058] Instead of the T-form circuit consisting of the 
inductors 40, 41 and capacitors 28, 29, and instead of 
30 the T-form circuit consisting of the inductors 38, 39 and 
capacitors 26, 27 in the embodiment, a three-element 
T-form or rc-form phase shifter which is equivalently ex- 
pressed as an lumped constant circuit may be combined 
with a distributed constant circuit. 
35 [0059] The circuit composed of the inductors 36; 37 
and capacitor 24 may parallel-resonate in the first and 
second reception bands together with a capacitance be- 
tween the terminals of the diode 43 where a current is 
turned off. Thus, the circuit can isolate the port 1 and a 
40 point B securely when the current is turned off, and re- 
duce an adverse influence to other pass-band charac- 
teristics. 

[0060] For example, under the condition that the ca- 
pacitance between the terminals of diode 43 is 0.4pF, 
45 and the inductors 36, 37 and capacitors 24, 25 are 
12.26nH, 27nH, 1 .52pF, and 33pF, respectively, an iso- 
lation characteristic between the port 1 and point B is 
shown in Fig. 3. A more favorable characteristic is ob- 
tained as compared with the case of the diode alone. 
so [0061] The circuit shown in Fig. 5 can be formed in a 
laminated body having plural dielectric sheets. At the 
moment, the diode 43 and SAW filters 12, 13 can be 
mounted on the laminated body, and the inductors and 
capacitors can be formed in the laminated body. And 
55 thus, they can be composed integrally, and have circuit 
size much reduced as compared with a flat structure 
forming the same circuit on a substrate. 
[0062] According to the embodiment, the circuit in- 
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eludes only one diode. Contrary to the circuit including 
four large, expensive diodes required in the prior art, a 
small, inexpensive hybrid RF switching device can be 
provided. 

(Embodiment 3) 

[0063] Embodiment 3 of the present invention will be 
explained below by referring to the drawings. 
[0064] In embodiment 3, a circuit of embodiment 2 is 
partially modified, and thus, modified portion will be 
mainly explained. The same parts as in embodiment 2 
are denoted by the same reference numerals, and their 
explanation is omitted. 

[0065] Fig. 6 shows a specific circuit configuration of 
the block diagram of Fig. 4, similarly to embodiment 2. 
In the diagram, reference numerals 50 to 53 denote in- 
ductors, and reference numerals 54 to 59 denote capac- 
itors. They form a diplexer 11a as shown in Fig. 6. 
[0066] In diplexer 11a, a resonance frequency of a 
parallel circuit composed of inductor 50 and capacitor 
55 is set to the second transmission band and second 
reception band or the vicinity. And a resonance frequen- 
cy of a series circuit composed of inductor 52 and ca- 
pacitor 57 is set to the first transmission band and first 
reception band or the vicinity. In the first transmission 
band, a phase shifter shifting a phase by A,g/4 with a 
desired characteristic impedance (usually 50Q) is 
formed in a rc-form circuit between the SAW filter 13 and 
the port 1 . The rc-form circuit includes C (the capacitor 

56) - L (a combined impedance of the inductor 50 and 
capacitor 55) - C (the capacitor 54) . In the second trans- 
mission band, a phase shifter shifting a phase by -Xg/4 
with a desired characteristic impedance (usually 50Q) 
is formed in a circuit between the SAW filter 12 and the 
port 1. The circuit includes C (the capacitor 56) - L (a 
combined impedance of the inductor 52 and capacitor 

57) - C (the capacitor 58) - L (the inductor 53) - C (the 
capacitor 59). The inductor 51 is a choke inductor for 
feeding a control current to the diode 43. 

[0067] According to this setting, as explained in em- 
bodiment 2 of the invention, the SAW filter 13 has an 
input impedance set at a short-circuit in the first trans- 
mission band, and the SAW filter 12 has an impedance 
set at a short-circuit in the second transmission band. 
Therefore, an impedance from a point A toward the right 
side is set at an open-circuit in the first and second trans- 
mission bands, so that a desired operation of this em- 
bodiment may be provided. 

[0068] In the embodiment, the circuit composed of the 
inductors 50 to 53 and capacitors 54 to 59 may be equiv- 
alently provided by a distributed constant circuit or may 
be partly combined with a distributed constant circuit. 
[0069] The SAW filters 12 and 13, each particularly 
consisting of a ladder-type filter as shown in Fig. 2, can 
steeply attenuate a vicinity of the pass-band. And each 
filter, upon particularly having a shunt resonator at the 
first stage, has a reflection coefficient of which magni- 



tude is close to 1 , so that it is more preferable. 
[0070] The circuit shown in Fig. 6 can be formed in a 
laminated body having plural dielectric sheets. At the 
moment, the diode 43 and SAW filters 12 and 13 are 
s mounted on the laminated body, and the inductors and 
capacitors can be formed in the laminated body. And 
thus, they can be composed integrally, and have circuit 
size much reduced as compared with a fiat structure 
forming the same circuit on a substrate. 
[0071] According to the embodiment, the circuit in- 
cludes only one diode. Contrary to the circuit including 
four large, expensive diodes required in the prior art, a 
small, inexpensive hybrid radio frequency (RF) switch- 
ing device can be provided. 

(Embodiment 4) 

[0072] Embodiment 4 of the invention will be ex- 
plained beiow by referring to the drawings. 
[0073] In embodiment 4, a circuit of embodiment 2 is 
partly modified, and thus, modified portion will be mainly 
explained. The same parts as in embodiment 2 are de- 
noted by the same reference numerals, and the expla- 
nation is omitted. 

[0074] Fig. 7 shows a specific circuit configuration of 
the block diagram of Fig. 4, similarly to embodiments 2 
and 3. In the diagram, reference numerals 60 and 61 
denote diodes. Reference numerals 62 to 67 denote in- 
ductors. Reference numerals 68 to 75 denote capaci- 
tors. They form a diplexer 11b as shown in Fig. 6. 
[0075] A basic operation of the diplexer 11b is the 
same as that explained in embodiment 3 of the inven- 
tion, and thus, omitted herein. In this embodiment, the 
diodes 60 and 61 are grounded with capacitor 68 and 
75. They consequently provides an ideal short-circuit 
when the diodes 60 and 61 are turned on with a current 
through them, That is, the diodes turned on have induc- 
tive components, and thus the capacitors 68 and 75 
have capacitances selected so as to cancel the induc- 
tive components in the first and second transmission 
bands, respectively. The inductors 62, 66, and 67 are 
choke inductors. 

[0076] According to this setting, as explained in em- 
bodiments 2 and 3 of the invention, the SAW filter 13 
has an input impedance set at an almost short-circuit in 
the first transmission band, and the SAW filter 12 has 
an impedance set at an almost short-circuit in the sec- 
ond transmission band. Therefore, an impedance from 
a point A toward the right side become an open-circuit, 
so that a desired operation may be provided in the first 
transmission band and second transmission band. 
[0077] Circuit components other than the diodes 60 
and 61 for composing the diplexer 11b may be equiva- 
lently provided by a distributed constant circuit or a par- 
tial combination of a distributed constant circuit. 
[0078] The circuit shown in Fig. 7 can be formed in a 
laminated body having plural dielectric sheets. At the 
moment, the diodes 43, 60 and 61 and SAW filters 12 
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and 13 can be mounted on the laminated body, and the 
inductors and capacitors are formed in the laminated 
body. And thus, they can be composed integrally, and 
have circuit size much reduced as compared with a fiat 
structure forming the same circuit on a substrate. s 
[0079] According to the embodiment, the circuit in- 
cludes three diodes. Contrary to the circuit including four 
large, expensive diodes required in the prior art, a small, 
inexpensive hybrid radio frequency (RF) switching de- 
vice can be provided. 

(Embodiment 5) 

[0090] By applying the foregoing embodiments 2 to 4, 
a hybrid radio frequency (RF) switching device applica- 
ble to triple bands including, for example, GSM 
(900MHz)/DCS (1 .8GHz) in Europe and PCS (1 .9GHz) 
in the U.S. 

[0081] Fig. 8 is a block diagram showing a schematic 
configuration of a hybrid RF switching device according 
to embodiment 5 of the invention. The block diagram in 
Fig. 8 is a modified one in Fig. 4. The same parts are 
denoted by the same reference numerals, and the ex- 
planation is omitted. 

[0082] The DCS (1.8GHz) and PCS (1.9GHz) are 
close to each other, and thus, signals in them are driven 
by a common power amplifier. Therefore, in the diagram 
shown in Fig.8, fortransmission, the device has two sys- 
tems, a DCS-PCS system and a GSM system. In a re-' 
ception side, the device includes surface acoustic wave 
(SAW) filters 12a, 12b and transmission lines 80a, 80b 
to function as a switch. 

[0083] That is, a switch 1 0a switches between trans- 
mission and reception. At a transmission side, signals 
in GSM and DCS-PCS bands are combined by diplexer 
9a through low-pass filters (LPFs) 7 and 8a, respective- 
ly. At a reception side, a dipiexer 11c having a phase 
shifting function divides a signal into the GSM band and 
DCS-PCS band. Then, a signal in the DCS-PCS band 
are divided into the DCS band and PCS band through 
the transmission lines 80a, 80b. respectively. The SAW 
filters 12a, 12b are provided* in the signal paths. The 
switch 10a is controlled through a control terminal 6. 
[0084] Fig.9 shows a specific circuit configuration of 
the block diagram in Fig. 8. The circuit in Fig. 9, which 
is based on that in Fig. 7, has basically the same struc- 
ture and just has different component values are differ- 
ent. Therefore, the same parts are denoted by the same 
reference numerals, and the explanation is omitted. 
[0085] The circuit in Fig. 9 includes a further SAW fil- 
ter, the transmission lines 80a and 80b for dividing a sig- 
nal into the reception bands, DCS and PCS, and treat 
the second transmission band of 1710-1910MHz (here- 
inafter called a third transmission band), and the second 
reception band of 1 805-1 990MHz (hereinafter called a 
third reception band), which differs from the circuit in Fig. 
7 

[0086] Reference numeral 12a denotes a SAW filter 



for a DCS reception band, and reference numeral 12b 
denotes a SAW filters for a PCS reception band. In the 
DCS (1805-1 880MHz) reception band and the PCS 
(1930-1 990MHz) reception band, each transmission 
lines 80a and 80b has an electrical length setting an Im- 
pedance from a point C toward the opposite side (i.e., 
toward the SAW filter 12b in the DCS reception band) 
to an open-circuit. Further, considering a phase rotation 
in the transmission lines 80a and 80b, an impedance 
from a point A toward the right side is set to an open- 
circuit in the third transmission band, 
[0087] In this configuration, a desired operation may 
be realized. 

[0088] . The circuit shown in Fig. 9 can be formed in a 
laminated body having plural dielectric sheets. At the 
moment, the diodes 43, 60 and 61 and SAW filters 12a, 
1 2b and 1 3 can be mounted on the laminated body, and 
the inductors and capacitors are formed in the laminated 
body. And thus, they can be composed integrally and 
have circuit size much reduced as compared with a flat 
structure forming the same circuit on a substrate. 
[0089] According to the embodiment,, a hybrid RF 
switching device applicable to triple bands can be pro- 
vided which has a simple circuit configuration. 

(Embodiment 6) ^ . 

[0090] Embodiment 6. of the invention will be ex- 
plained below by referring to the drawings. 
[0091 ] Fig. ib is a block diagram of a hybrid radio fre- 
quency (RF) switching device according to embodiment 
6 of the invention. Reference numerals 201 , 202, 203, 
204, 205a, and 205b denote input/output ports. Refer- 
ence numeral 207 and 208 denote low-pass filters 
(LPFs). Reference numerals 212a, 213a, and 213b de- 
note surface acoustic wave (SAW) filters. Reference nu- 
merals 244 and 245 denote control terminals. Refer- 
ence numeral 248 denotes a diplexer composed of an 
LPF and high-pass filter (HPF). Reference numerals 
246 and 247 denote switches. Reference numerals 
281a, 281b, and 281c are transmission lines. 
[0092] In the diagram, for transmission, signals in 
DCS (1.8GHz) and PCS (1.9GHz) bands which are 
close to each other are driven by a common power am- 
plifier, and thus the device has two system, a DCS-PCS 
system and GSM system. In a receiving side, the device 
has the SAW filters 213a and 213b, and the transmis- 
sion lines 281 a, 281 b and 281 c to function as a switch, 
and thus the device includes three systems, the GSM, 
DCS, and PCS systems. 

[0093] That is, the diplexer 248 divides and combines 
signals into a GSM band and DCS-PCS band. A signal 
in the GSM band is further divided into the transmission 
band and reception band by the switch 246. The LPF is 
connected at the transmission side, while the SAW filter 
212 is connected at the reception side. 
[0094] The DCS-PCS band is also divided into the 
transmission band and the reception band by the switch 
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247. The LPF 208 is coupled at the transmission side, 
while the reception side is further divided into DCS and 
PCS bands through transmission lines 281 a, 281 b, and 
281c to function as switch. The SAW filters 213a and 
21 3b are coupled in respective paths. The switches 246 s 
and 247 are controlled through control terminals 244 
and 245, 

[0095] Fig. 1 1 shows a specific circuit configuration of 
the block diagram in Fig. 10. In the diagram, reference 
numerals 249 to 263 denote capacitors. Reference nu- 
merals 264 to 273 denote inductors. Reference numer- 
als 276 and 277 denote current control resistors. Refer- 
ence numeral 278 denotes a diode for composing the 
switch 246 in Fig. 10, and reference numeral 279 de- 
notes a diode for composing the switch 247 in Fig. 10. 
Capacitors 249 to 251 and inductor 264 compose the 
LPF 207, and capacitors 259 to 261 and inductor 270 
compose the LPF 208. Further, capacitors 254 to 258 
and inductors 268 and 269 compose the diplexer 248, 
[0096] Reference numeral 12a denotes a SAW filter 
for a DCS reception, and reference numeral 12b de- 
notes a SAW filter for a PCS reception. In a DCS recep- 
tion band (1805-1 880MHz) and PCS reception band 
(1930-1 990MHz), each transmission lines 80a and 80b 
has an electrical length setting an impedance from a 
point C toward the opposite side (i.e., toward the SAW 
filter 12b in the DCS reception band) to an open circuit. 
[0097] Further, transmission lines 274 and 281 a have 
electrical lengths of one-quarter wavelength in the first 
and third transmission bands, respectively. Therefore 
both an Impedance from a point A toward the right side 
and an impedance from a point B toward the right side 
are set to an open-circuit in the first and third transmis- 
sion bands, respectively. 

[0098] In this configuration, a desired operation may 
be provided. 

[0099] The circuit shown in Fig. 11 can be formed in 
a laminated body having plural dielectric sheets. At the 
moment, the diodes 278, 279, 290, and 293 and the 
SAW filters 21 2, 21 3a t and 21 3b can be mounted on the 
laminated body, and the inductors and capacitors can 
be formed in the laminated body. And thus, they can be 
composed integrally, and have circuit size much re- 
duced as compared with a flat structure forming the 
same circuit on a substrate. 

[0100] Incidentally, the circuit composed of inductor 
291 , capacitor 292 and diode 290, and the circuit com- 
posed of inductor 294, capacitor 295, and diode 293 
may be replaced by one simple inductor only by properly 
setting the component values so as to satisfy the indi- 
vidual relations described above, so that the circuit con- 
figuration using only two diodes can be realized. 
[0101] According to the embodiment, a hybrid RF 
switching device applicable to triple bands can be pro- 
vided, which has a simple circuit configuration. 



(Embodiment 7) 

[0102] Embodiment 7 of the invention will be ex- 
plained below by referring to the drawings. Embodiment 
7 shows a one-chip configuration of the hybrid radio fre- 
quency (RF) switching device according to the foregoing 
embodiments 1 to 6. 

[0103] Fig. 12 is a perspective view showing a sche- 
matic configuration of a hybrid RF switching device ac- 
cording to embodiment 7 of the invention. Reference nu- 
meral 300 denotes a laminated body formed by laminat- 
ing plural dielectric sheets each having a relatively low 
dielectric constant (about sr < 10). In laminated body 
300, multiplexing circuits, low-pass filters (LPFs), and a 
part of switching circuits are formed. On the laminated 
body 300, chip components 302, e.g. diodes, chip in- 
ductors and other, and a surface acoustic wave (SAW) 
filter 301 are mounted. They compose a one-chip hybrid 
RF switching module. 

[0104] That is, in laminated body 300, inductors for 
composing circuits are formed as electrode patterns 
such as, meander patterns or. spiral patterns, and each 
capacitor is composed of a pair of electrodes. An input/ 
output electrode 304 and a ground electrode 303 are 
formed at the side of the laminated body 300. The SAW 
filter 301 is mounted on the laminated body 300 by a 
wire bonding or flip-chip mounting to reduce the size. 
[0105] The chip components 302, e.g. the diodes for 
composing switches and chip inductors used as choke 
inductors, may not be formed in the laminated body 300. 
Even if they can be formed, they have so large values 
that they hardly get small, thus are mounted on the lam- 
inated body 300. Therefore, elements that cannot be 
formed in the laminated body 300, components having 
too large values to be reduced in size even if being 
formed, and components that is hardly protected 
against noise may be mounted on the laminated body 

300, That provides a one-chip structure and reduces the 
total dimension. 

[0106] Although not shown in the diagram, a metal 
cap grounded electrically for covering the surface of the 
laminated body 300 protects the module from an exter- 
nal electromagnetic interference. A bare chip and resin 
molded chip of the diode can be mounted as a chip com- 
ponent 302 

[0107] A specific structure of the laminated body 300 
will be explained by referring to Fig. 13. 
[0108] Fig. 13 is a perspective exploded view of Fig. 
12, in which reference numerals 300a to 300c denote 
three sheets formed from the body 300 arbitrarily divid- 
ed into three, and reference numerals 305a to 305d de- 
note grounding terminals for mounting the SAW filter 

301 . Grounding terminals 305a to 305d are directly con- 
nected to a ground electrode 303a formed on sheet 
300c through via-holes 306a-306d in the sheet 300a 
and 300b, respectively. This configuration reduces a 
parasitic inductance between the ground and each SAW 
resonators 123 and 125 as shown in Fig.2, and thus de- 
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creases a downward shift of a series-resonance fre- 
quency of each SAW resonators 123 and 125. As a re- 
sult, the SAW filter 301 has a characteristic in which a 
frequency shift of a lower-side attenuation pole decreas- 
es, so that a deterioration of an attenuation performance 
can be reduced. 

[0109] Although not shown, the ground electrode 
303a formed close to the bottom, upon being formed a 
layer close to the top surface of the laminated body 300, 
has the length of each via-holes 306a-306d shortened. 
That decreases the parasitic inductance and the deteri- 
oration of the attenuation performance of the SAW filter 
301 more effectively. 

[0110] Further, plural via-holes connecting the ground 
electrode 303a to each of grounding terminals 305a to 
305d for the respective grounding terminal further de- 
creases the parasitic inductance and the deterioration 
of the attenuation performance of the SAW filter 301 . 

Industrial Applicability 

[01 1 1 ] As clear from the above description , according 
to the invention, a hybrid radio frequency (RF) switching 
device including fewer diodes and having a smaller size 
and a higher performance is provided. The device is suf- 
ficiently applicable to multiple bands such as dual bands 
and triple bands despite the very simple structure. 



Ciaims 

1. A hybrid radio frequency (RF) switching device for 
switching between a first frequency band and a sec- 
ond frequency being higher than the first frequency 
band, the hybrid radio frequency (RF) switching de- 
vice comprising: 

first to fourth ports; 

a diode coupled between the first and second 
ports, 

a first transmission line having an electrical line 
length of Xg/4xn, Xg being a wavelength of a 
frequency in the first frequency band, n being 
an odd number of 1 or larger; 
a first element coupled between the second 
and third ports in series with the first element, 
the first element having an impedance contain- 
ing a nearly simple reactance component in the 
second f req uency band ; 
a second element coupled at a position where 
the first element having a nearly open imped- 
ance in the second frequency band, the second 
element having an impedance containing a 
nearly simple reactance component; and 
one of a reactance circuit and a second trans- 
mission line, the reactance circuit being cou- 
pled in parallel with the second element, the 
second transmission line being coupled in se- 



ries with the second element, the second ele- 
ment having an open impedance as seen from 
a coupling position in the first frequency band. 

5 2. A hybrid RF switching device of claim 1 , wherein 
the first and second elements include surface 
acoustic wave (SAW) filters. 

3. A hybrid RF switching device of claim 1 , wherein 
10 the SAW filters include ladder type filter circuits, re- 
spectively. 

4. A hybrid RF switching device of claim 1 , wherein 
each of the ladder type filter circuits includes a SAW 

15 wave resonance element at a first stage coupled in 
shunt between the first transmission line and a 
ground, the SAW filters passing a higher frequency 
band of the first frequency band and second fre- 
quency band. 

20 

5. A hybrid RF switching device of claim 1 , wherein 
the first and/or second transmission line includes a 
concentration constant circuit 

25 6. A hybrid RF switching device of claim 1 , 

wherein the reactance circuit comprises a par- 
allel circuit in which an inductor and capacitor 
are coupled in parallel, 
30 wherein the inductor and capacitor parallel res- 

onate in the second frequency band, and 
wherein the inductor, capacitor, and second el- 
ement resonate in the first frequency band. 

■■ . 

35 7. A hybrid RF switching device of claim 6, wherein 
the transmission lines are composed of microstrip 
lines or strip lines, and the inductor in the reactance 
circuit is coupled directly between the transmission 
lines and the ground. 

40 

8. A hybrid RF switching device of claim 1 , further 
comprising a circuit coupled in parallel with the di- 
ode, the circuit including: 

45 a first inductor; 

a second inductor coupled in series with the 
first inductor; 

a capacitor coupled in parallel with the first in- 
ductor; and 

50 a DC cutting capacitor coupled in series with 

the first inductor, 

wherein a circuit network including the first inductor, 
second inductor, and capacitor parallel-resonate in 
55 the first frequency band and second frequency 
band. 

9. A hybrid radio frequency (RF) switching device of 
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claim 1 , handling a first frequency band, a second 
frequency band being higher than the first frequen- 
. cy band, a third frequency band near the first fre- 
quency band, and a fourth frequency band near the 
second frequency band, the high frequency com- 
posite switch component comprising: 

first to fourth ports; 

a diode coupled between the first and second 
ports; 

a first resonance circuit parallel-resonating to 
have a local maximum impedance in the first 
and third frequency bands, and having a capac- 
itive impedance in the second frequency band; 
a first inductor coupled in shunt between the 
first resonance circuit and a ground; 
a first capacitor coupled in series with the first 
resonance circuit, the first capacitor, first induc- 
tor, and first resonance circuit being coupled in 
a T-form; 

a first surface acoustic wave (SAW) filter cou- 
pled between the first capacitor and the third 
port, the first SAW filter passing the second fre- 
quency band; 

a second resonance circuit parallel-resonating 
to have a local maximum impedance in the sec- 
ond and fourth frequency bands, and having an 
inductive impedance in the first frequency 
band; 

a second capacitor coupled in shunt between 
the second resonance circuit and the ground; 
and 

a second inductor coupled in series with the 
second resonance circuit, the second inductor, 
second, capacitor, and second resonance cir- 
cuit being coupled in a T-form; and 
a second SAW filter coupled between the sec- 
ond inductor and the fourth port, the second 
SAW filter passing the first frequency band; 

wherein the first resonance circuit and second res- 
onance circuit are coupled to the second port 
through the diode. 

10. A hybrid RF switching device of claim 9, wherein 
the first SAW filter comprises: 

an input terminal opposite to a side coupled to 
the third port; and 

a SAW resonator disposed at a first stage from 
the input terminal and coupled to the ground in 
parallel, the SAW resonator series-resonating 
in the fourth frequency band. 

11. A hybrid RF switching device of claim 9, wherein 
the second SAW filter comprises: 

an input terminal opposite to a side coupled to 



the fourth port; and 

a SAW resonator disposed at a first stage from 
the input terminal and coupled to the ground in 
parallel, the SAW resonator series-resonating 
5 in the third frequency band. 

12. A hybrid RF switching device of claim 10, wherein 
a circuit in which the first resonance circuit, the first 
inductor coupled in shunt between the first reso- 

10 nance circuit and the. ground, and the first capacitor 
coupled in series with the first resonance circuit are 
coupled in the T-form has an equivalent electrical 
length of A,d/44-Xdxn in the fourth frequency band, 
Xd being a wavelength In the fourth frequency band, 

15 n being an integer). 

13. A hybrid RF switching device of claim 11 , wherein 
a circuit in which the second resonance circuit, the 
second capacitorcoupled in shunt between the sec- 

20 ond resonance circuit and the ground, and the sec- 
ond inductor coupled in series with the second res- 
onance circuit are coupled in the T-form has an 
equivalent electrical length of Xg/4+Xgxn in the 
third frequency band, Ag being a wavelength in the 

25 third resonance frequency, n being an integer. 

14. A hybrid RF switching device 9, wherein a frequen- 
cy in the second frequency band is about twice a 
frequency in the first frequency band. 

30 

15. A hybrid RF switching device of claim 9, further 
comprising a circuit coupled in parallel with the di- 
ode, the circuit including: 

35 a third inductor; 

a fourth inductorcoupled with the third inductor; 
a third capacitor coupled in parallel with the 
third inductor; and 

a DC cutting capacitor coupled in series with 
40 the third inductor, 

wherein a circuit network having a capacitance be- 
tween terminals of the diode turned off, the third in- 
ductor, fourth inductor, and third capacitor parallel- 
45 resonates in the first and third frequency bands and 
the second and fourth frequency bands. 

1 6. A hybrid radio frequency (RF) switching device han- 
dling a first frequency band, a second frequency 

50 band being higher than the first frequency band, a 
third frequency band near the first frequency band, 
and a fourth frequency band near the second fre- 
quency band, the first and second frequency bands 
being included in a transmission band, the third and 

55 fourth frequency bands being included in a recep- 
tion band, the hybrid. RF switching device compris- 
ing: 
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a common port; 

a switch for switching the transmission band 
and the reception band, the switch being cou- 
pled at a first stage from the common port; 
a first .diplexers for dividing the first and second 
frequency bands;, 

a second diplexers for dividing the third and 
fourth frequency bands; 
first and second low-pass filters (LPFs) coupled 
with the first and second diplexers, respective- 
ly, the first and second LPFs corresponding the 
first and second frequency bands, respectively; 
first and second ports coupled with the first and 
second diplexers through the first and second 
LPFs, respectively; 

first and second surface acoustic wave (SAW) 
filters coupled with the first and second diplex- 
ers, respectively, the first and second SAW fil- 
ters passing the third and fourth frequency 
bands included in the reception band, respec- 
tively; 

third and fourth ports coupled with the first and 

second diplexers through the first and second 

SAW filters, respectively; 

a laminating body including a dielectric sheet 

laminated therein,; and 

a diode included in the switch, 

wherein the laminating body includes the switch, 
first and second diplexers, and first and second 
LPFs formed therein, and includes the diode and 
the first and second SAW filters mounted thereon. 

17. A hybrid RF switching device of claim 16, wherein 
a frequency in the second frequency band is about 
twice a frequency in the first frequency band. 

18. A hybrid radio frequency (RF) switching device han- 
dling a first frequency band, second and third fre- 
quency bands close to each other being higher than 
the first frequency band, a fourth frequency band 
near the first frequency band, and fifth and sixth fre- 
quency bands near the second and third frequency 
bands, the first, second and third frequency bands 
being included in a transmission band, the third, 
fourth, and fifth frequency bands being included in 
a reception band, the hybrid RF switching device 
comprising: 

a common port; 

a switch for switching the transmission band 
and the reception band, the switch being dis- 
posed at first from the common port; 
a first diplexer dividing the first, second, and 
third frequency bands included in the transmis- 
sion band; 

a second diplexer dividing the third, fourth, and 
fifth frequency bands included in the reception 



band; 

a first low-pass filter (LPF) corresponding to the 
first frequency band, being coupled with the 
first diplexer; ^ 
s a first port coupled with the first diplexer 

through the first LPF; 

a second LPF corresponding commonly to the 
second and third frequency bands, being cou- 
pled to the second diplexer; 

10 asecond port coupled with the second diplexer 

through the second LPF; 
first, second, and third surface acoustic wave 
(SAW) filters passing the fourth, fifth, and sixth 
frequency bands included in the reception 

15 band, 

third, fourth and fifth ports coupled with the- 
second diplexer through the first, second, and 
third SAW filters, respectively; 
a phase shifter for dividing the fifth and sixth 

20 frequency bands disposed between the second 

diplexer and the second and third SAW filters, 
respectively; 

a laminated body including a dielectric sheet 
laminated therein; and 
25 a diode included in the switch, 

wherein the laminated body includes the switch, 
first and second diplexers, first and second LPFs, 
and phase shifter formed therein, and includes the 
30 diode and first, second and third SAW filters mount- 
ed thereon. 

19. A hybrid RF switching device of claim 1 8 : wherein 
a frequency in the second and third frequency 

35 bands is about twice a frequency in the first frequen- 
cy band. 

20. A hybrid RF switching device of claim 1 6 or 1 8, fur- 
ther comprising a chip choke composing a part of 

40 the switch, the chip choke inductor being mounted 
on the laminated body. 

21. A hybrid RF switching device of claim 16 or 18, fur- 
ther comprising: 

45 

a grounding electrode formed in the laminated 
body; and 

via holes coupling the grounding electrode di- 
rectly with grounding terminals of the SAW fil- 
50 ters, respectively. 

22. A hybrid RF switching device of claim 21 . wherein 
each grounding terminal is directly coupled with the 
grounding electrode through a plurality of via holes 

55 of the via holes. 
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Reference Numerals 

1-5: Input/output port 

6: Control Terminal 

7, 8: Low-pass filter (LPF) 

9, 11: Diplexer 

10: Switch 

12, 13: Surface acoustic wave (SAW) filter 

80a, 80b: Transmission Line 

201-205: Input/output port 

244, 245: Control terminal 

207, 208: Low-pass filter (LPF) 

248: Diplexer 

246, 247: Switch 

212, 213: Surface acoustic wave (SAW) filter 
281 a-281 c : Transmission Line 
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